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Analysis on Geometry of Human Epidermal Ridges

Takashi MAENO, Daisuke YAMADA and Hidenari SATO
Department of Mechanical Engineering, Keio University
Hiyoshi, Kohhoku-ku, Yokohama 223-8522

Purpose of epidermal ridges of humans have been said to avoid slippage and to increase
sensitivity of tactile perception. In the present study, meaning of detailed geometry of each
epidermal ridge is investigated. First, cross-sectional geometry of epidermal ridges are measured
using imprint material. It is found that the geometry of epidermal ridges are between that of arc and
trapezoid. Then, finite element contact analyses between finger section model and a flat plate are
conducted. It is found that normal contact forse distribution of human epidermal ridge is much
uniform compared with those for arc and trapezoid. It is also found that rapid entire slippage of an
epidermal ridge occurs when tangential traction is applied. Finally, eigen value analysis is
conducted. It is found that eigen frequency of the epidermal ridges agrees with FA |
mechanoreceptor’s sensitive frequency.
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Fig. 1 Cross-sectional picture of finger mold
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Fig. 2 Arc and trapezoid for defining geometry of
an epidermal ridge
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Fig. 3 Relationship between width W and height
H of epidermal ridges
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Fig. 4 Outline of average geometry of
epidermal ridge
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Fig. 5 Distribution of normal force of trape-
zoid and arc in contact with a flat surface
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Ll (b) Model of epidermal ridges of human
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Fig. 6 Finite element model of finger section
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Fig. 7 Distribution of normal contact force
(Normal load = 0.7 N)

Fig. 9 View of human finger model in STEP 200
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(Normal load = 0.9 N)
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Fig. 10 Rate of sticking nodes when the finger is
moved in tangential direction
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Fig. 12 Natural mode of human finger tissue
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